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•  10	  fold	  sensi,vity	  of	  current	  instruments	  
•  4	  decades	  of	  energy	  coverage:	  tens	  of	  GeV	  to	  >100	  TeV	  
•  Improved	  angular	  resolu,on	  
•  Two	  asymmetric	  arrays	  (North/South)	  

Low	  energy	  range:	  
23	  m	  ø	  
Parabolic	  reflector	  
4°	  -‐	  5°	  FoV	  
Energy	  threshold	  ~tens	  GeV	  	  

Mid	  energy	  range:	  
12	  m	  ø	  
Davies-‐CoQon	  reflector	  
9	  m	  ø	  
Schwarzschild-‐Couder	  reflector	  
7°	  -‐	  8°	  FoV	  
mCrab	  sensi:vity	  in	  the	  	  
100	  GeV	  –	  10	  TeV	  range	  

High	  energy	  range:	  
4	  	  m	  ø	  
Davies-‐CoQon	  reflector	  
(or	  Schwarzschild-‐Couder)	  
9	  -‐	  10°	  FoV	  
Several	  km2	  area	  at	  	  
mul:-‐TeV	  energies	  
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• 	  Worldwide	  ini,a,ve:	  
>1000	  researchers	  
171	  ins,tu,ons	  
27	  countries	  	  

	  



Detection Technique 
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≈ 
10

 k
m

 

≈ 300 m#

• 	  Detec,on	  of	  extended	  air	  showers	  
(EAS)	  using	  the	  atmosphere	  as	  a	  
calorimeter	  
	  
• 	  Huge	  γ–ray	  collec,on	  area	  (~105	  m2)	  

• 	  Large	  background	  from	  charged	  CR	  

• 	  Energy	  window:	  tens	  GeV	  -‐	  tens	  TeV	  

• 	  Event	  reconstruc,on	  from	  EAS	  image:	  
-‐ 	  Type	  of	  primary	  event	  
-‐ 	  Primary	  energy	  es,ma,on	  
-‐ 	  Primary	  arrival	  direc,on	  
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Very deep field
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Deep field
~1/3 of telescopes

Monitoring
4 telescope

Monitoring
1 telescope

Monitoring
4 telescope

Monitoring
1 telescope
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Survey
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Teide	  Arizona	  San	  Pedro	  Mar:r	  

San	  Antonio	  

Leoncito	  Armazones	   Aar	  

H.E.S.S.	  
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CTA Observatory 
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The	  first	  open	  observatory	  in	  the	  field	  of	  IACTs	  	  



Astroparticle Physics Special Issue 
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Seeing	  the	  High-‐Energy	  Universe	  with	  the	  Cherenkov	  Telescope	  Array	  	  
–	  	  

The	  Science	  Explored	  with	  the	  CTA	  

hQp://www.sciencedirect.com/science/journal/09276505/43	  

Invited	  Reviews	  
	  

o  Introducing	  the	  CTA	  concept	  
o  Evolu,on	  of	  ground-‐based	  gamma-‐ray	  astronomy	  from	  the	  

early	  days	  to	  the	  Cherenkov	  Telescope	  Arrays	  
o  Dark	  maQer	  and	  imaging	  air	  Cherenkov	  arrays	  
o  Probes	  of	  Lorentz	  viola,on	  
o  Cosmic	  ray	  accelera,on	  
o  Gamma	  rays	  from	  supernova	  remnants	  
o  High	  energy	  γ-‐ray	  emission	  from	  compact	  galac,c	  sources	  

in	   the	   context	   of	   observa,ons	   with	   the	   next	   genera,on	  
Cherenkov	  Telescope	  Arrays	  

o  Studies	  of	  ac,ve	  galac,c	  nuclei	  with	  CTA	  
o  The	   extragalac,c	   background	   light	   and	   the	   gamma-‐ray	  

opacity	  of	  the	  universe	  
o  Gamma	  ray	  bursts	  
o  Mul,wavelength	  Astronomy	  and	  CTA:	  X-‐rays	  
o  Pionic	  photons	  and	  neutrinos	  from	  cosmic	  ray	  accelerators	  
o  Mul,	  messenger	  astronomy	  and	  CTA:	  TeV	  cosmic	  rays	  and	  

electrons	  

Detailed	  Case	  Studies	  
	  
o  Monte	  Carlo	  design	  studies	  for	  the	  Cherenkov	  Telescope	  

Array	  
o  Dark	  maQer	  and	  fundamental	  physics	  with	  the	  
Cherenkov	  Telescope	  Array	  

o  Ac,ve	  Galac,c	  Nuclei	  under	  the	  scru,ny	  of	  CTA	  
o  Poten,al	  of	  EBL	  and	  cosmology	  studies	  with	  the	  Cherenkov	  

Telescope	  Array	  
o  Gamma-‐ray	  burst	  science	  in	  the	  era	  of	  the	  Cherenkov	  

Telescope	  Array	  
o  Gamma-‐ray	  signatures	  of	  cosmic	  ray	  accelera,on,	  

propaga,on,	  and	  confinement	  in	  the	  era	  of	  CTA	  
o  Prospects	  for	  observa,ons	  of	  pulsars	  and	  pulsar	  wind	  

nebulae	  with	  CTA	  
o  Binaries	  with	  the	  eyes	  of	  CTA	  
o  Surveys	  with	  the	  Cherenkov	  Telescope	  Array	  
o  Op,cal	  intensity	  interferometry	  with	  the	  Cherenkov	  

Telescope	  Array	  
o  Comparison	  of	  Fermi-‐LAT	  and	  CTA	  in	  the	  region	  between	  10–

100	  GeV	  
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Indirect Dark Matter Searches 

D. Nieto 14Asilomar - Sep. 2013

• 	  Basis:	  Detec,on	  of	  DM	  annihila,on	  or	  decay	  
products	  (SM	  par,cles)	  

• 	  In	  most	  cases,	  entangled	  with	  CR	  and	  subdominant	  
	  
• 	  Photons	  are	  privileged	  messengers	  

-‐ 	  No	  deflec,on	  by	  B-‐fields,	  trace	  back	  to	  source	  
-‐ 	  Observa,on	  of	  astrophysical	  targets	  

• 	  Assump,ons:	  	  
-‐	  DM	  par,cle	  is	  a	  WIMP	  with	  mass	  in	  the	  few	  
tens	  of	  GeV	  –	  TeV	  range.	  
-‐	  Annihila,ng	  DM:	  

Gregg	  Dinderman	  (S&T)	  

d Φ
dE

= J ΔΩ( )×d Φ
PP

dE
= ρDM

2 l( )d Ωdl
l .o .s ,V
∫ ×

1
4π

σ annv

2mDM
2 Bi

dNi
γ

dEi
∑



Pieri	  et	  al.	  
PRD	  83:0235,	  2008	  

,  40 GeVbb mχχχ → =

DM Targets for CTA 
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	  	  	  Unassociated	  HE	  Sources:	  	  
●	  DM	  Subhalos?	  
	  	  	  	  Poster	  Session	  
	  	  	  	  ID	  90	  

	  	  	  Galac,c	  Center	  &	  Halo	  
●	  High	  flux	  
●	  Background	  Issues	  

NRL	  GALAXY	  CENTER	  

	  	  	  Galaxy	  Clusters	  
●	  Huge	  DM	  content	  
●	  Large	  distance	  
●	  High	  background	  

PERSEUS	  GC	   NASA	  

	  	  	  Dwarf	  Galaxies	  
●	  Large	  M/L	  
●	  No	  background	  
●	  Low	  flux	  

VLT	  ANTILA	  dSph	  

Key	  concepts:	  ρDM,	  distance,	  background	  

d Φ
dE

= J ΔΩ( )×d Φ
PP

dE
= ρDM

2 l( )d Ωdl
l .o .s ,V
∫ ×

1
4π

σ annv

2mDM
2 Bi

dNi
γ

dEi
∑



CTA Layout Performance Evaluation 
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DM	  Targets:	  dSph	  Galaxies,	  Galaxy	  Clusters,	  Galac,c	  Halo	  
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Differen,al	  Sensi,vity	  from	  MC	  Simula,ons	  
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Prospects	  vs.	  Profile	   Classical	  vs.	  Ultra-‐Faint	  

100h	  obs.	  
ΔΩ	  =	  10-‐5	  sr	  (0.1°	  FoV)	  
Integral	  flux	  U.L.,	  95%	  C.L.	  

NFW	  
NFW	  
Einasto	  

Array	  E	  

NFW	  

Cored	  Isothermal	  



dSph Galaxies 
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Generic	  point-‐like	  DM	  subhalo	  

Boost	  factors	  required	  for	  detec,on	  
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5σ	  detec,on	  in	  100h	  obs.	  

d Φ
dE

=BF ×J ΔΩ( )×d Φ
PP

dE

dSph	  Galaxies	  

Array	  B	  

σ annv = 3×10−26cm 3s −1

σ annv = 3×10−26cm 3s −1
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Cosmic rays only 

Fornax	  

Dark matter only 

100h	  obs.	  
Integral	  flux	  U.L.,	  95%	  C.L.	  

Required	  obs.	  ,me	  
	  for	  5σ	  detec,on	  

Model	  adapted	  from	  Pinzke	  et	  al.	  2011	  
Radial distance [deg]
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Galactic Halo 
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PRL	  106:161301,	  2011	  

SIGNAL	  

BACKGROUND	  

GALACTIC	  
PLANE	  

Observa,onal	  Strategies	  

b)	  On-‐Off	  Method:	  

	  ●	  More	  sensi,ve	  

	  ●	  Challenging	  background	  control	  

a)  Ring	  Method:	  
(ring	  of	  same	  instrumental	  acceptance)	  



Galactic Halo 
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Ring	  Method:	  100h	  obs.	  
On-‐Off	  Method:	  50h+50h	  obs.	  

On-‐Off	  method	  vs.	  Ring	  method	   Ring	  method,	  channel	  dependence	  

Probing	  canonical	  annihila:on	  cross-‐sec:on	  sector!	  	  	  



CTA Prospects & Complementarity 
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WIMP parameter space

Fermi combined DSG analysis (10 DSGs), 2 years
Fermi combined DSG analysis, 10 years
Galactic Halo, 100 h, CTA array B (Ring Method)

)° = 1.0maxeFornax Cluster, 100 h, CTA array B (
Segue 1 DSG, 100 h, CTA array B

Ferm
i-‐LAT

	  

CTA	  

Indirect	  Searches	  in	  the	  γ-‐Ray	  Band	   Indirect	  vs.	  Direct	  Searches	  

K-‐K	  
models	  

MSSM	  
(WMAP-‐comp.)	  

(Galac,c	  Center,	  NFW)	  



US Contribution to CTA 
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o  Double-‐mirror	  op,cs,	  novel	  design	  
o  Wide	  FoV	  (8°)	  with	  a	  good	  op,cal	  PSF	  
o  More	  compact	  plate	  scale:	  finer	  pixeliza,on	  
o  Enhancing	  CTA	  in	  the	  core-‐energy	  range	  
o  Prototype	  funded	  by	  MRI	  Program	  (NSF)	  

Schwarzschild-‐Couder	  Mid-‐Size	  Telescope	  
(28	  units)	  	  

arXiv:1307.5905	  

arXiv:1307.5905	  

Sensi:vity	  

Gamma-‐ray	  PSF	  



US Contribution to CTA 
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Schwarzschild-‐Couder	  Mid-‐Size	  Telescope	  
(28	  units)	  	  

arXiv:1305.0302	  

Impact	  on	  dark	  maQer	  searches	  

500h	  obs.	  
61	  MST	  Array	  
(25	  DCs	  +	  36	  SCTs)	  

o  Double-‐mirror	  op,cs,	  novel	  design	  
o  Wide	  FoV	  (8°)	  with	  a	  good	  op,cal	  PSF	  
o  More	  compact	  plate	  scale:	  finer	  pixeliza,on	  
o  Enhancing	  CTA	  in	  the	  core-‐energy	  range	  
o  Prototype	  funded	  by	  MRI	  Program	  (NSF)	  



Conclusions 
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o  CTA	   is	   the	   worldwide	   project	   for	   a	   future	   VHE	   gamma-‐ray	   open	   observatory,	   heading	  
towards	  star,ng	  construc:on	  by	  2014.	  

o  dSph	  Galaxies:	  	  
	  

	  BF=25	  (Segue	  1)	  
o  Galaxy	  Clusters	  
	  

	  CR	  background,	  extended	  emission	  
o  Galac:c	  Halo	  

	  Probing	  the	  WIMP	  parameter	  space!	  
o  Complementarity	  with	  Fermi-‐LAT	  and	  direct	  

searches	  
o  US-‐contribu:on:	  Remarkable	  enhancement	  

in	  sensi:vity	  and	  angular	  resolu:on	  

σ annv ~ 10−24cm 3s −1

σ annv ~ 10−25cm 3s −1

σ annv ~ 10−26cm 3s −1


